About 313 million major surgical procedures are performed worldwide every year.[@R1] Since the 1970s, vascular surgery has been identified as a subpopulation with disproportionately elevated risk.[@R2],[@R3] This risk persists today. For example, in the Vascular Events in Noncardiac Surgery Patients Cohort Evaluation (VISION) study of over 15,000 individuals undergoing major noncardiac surgery, vascular surgery was a predictor of 30-day mortality \[adjusted hazard ratio (HR)=2.38\].[@R4] An analysis of about 123,500 cases in the National Surgical Quality Improvement Program (NSQIP) database from 2007 to 2010 revealed the absolute risk for death within 30 days after major vascular surgery to be 3%.[@R5] Importantly, procedure-specific risks do vary considerably on the basis of the operative site, approach employed, and urgency of the procedure.[@R6]

An important reason for the elevated risk in vascular surgery patients is their burden of atherosclerotic disease. Many vascular surgical procedures address complications of peripheral arterial disease (PAD) or cerebrovascular disease (CVD). Atherosclerosis is the pathophysiological mechanism for both entities, as well as for coronary artery disease (CAD). Atherosclerosis involves plaques forming dense deposits in arterial walls and irreversibly expanding, subsequently leading to a narrowed vessel lumen and decreased compliance. Although atherosclerosis is not a regional process, it is defined in such terms; hence, the distinction between CAD, CVD, and PAD. Nonetheless, given their shared pathophysiology, there is a high association between CAD, CVD, and PAD.[@R7] In the nonoperative setting, asymptomatic PAD is associated with a 3- to 4-fold increase in the risk of CAD and CVD.[@R8] Further, the presence of PAD is a predictor of worse outcomes after both myocardial infarction (MI) and stroke.[@R9],[@R10] Thus, atherosclerosis in multiple organ systems is indicative of both disease breadth and severity.

Because of the high risks of vascular surgery and the complex phenotype of patients undergoing these operations, it is imperative that anesthesiologists perform a thorough preoperative evaluation. The purpose of the preoperative assessment is to identify potential problems, ensure the patient is willing and able to tolerate the procedure with associated risks, mitigate perioperative risks, and facilitate appropriate postoperative monitoring. Given the influence of cardiovascular disease on outcomes in vascular surgery, it is important to identify individuals at risk to ensure appropriate management. Moreover, in individuals identified as being at very high risk, a frank discussion between the patient, surgeon, and anesthesiologist may be needed regarding the risks of the procedure, as well as possible alternatives to planned surgery.

The goal of this chapter is to present an evidence-based approach to preoperative cardiac evaluation and management of patients undergoing major vascular surgery. Where possible, we focus on relevant current evidence and guidelines. The purpose is to present an approach to evaluate patients for common cardiac diseases and inform preoperative management. Thus, we will not discuss relatively uncommon cardiac diseases (eg, pulmonary hypertension, congenital heart disease), although these conditions are still important for perioperative care. Finally, we will assume sufficient time to complete a formal evaluation and permit management; however, we recognize this is often not the case. When discussing the urgency of cases, we use the definitions in the 2014 American College of Cardiology (ACC) and American Heart Association (AHA) perioperative guidelines. An *emergency* procedure is defined as threatening life or limb and requiring the patient to be in the operating room within \<6 hours; an *urgent* procedure is defined as requiring an operation within 6 to 12 hours; a *time-sensitive* procedure is one that should be performed within 1 to 6 weeks, and an *elective* procedure allows time up to 1 year.[@R11]

Preoperative Evaluation
=======================

Approach
--------

Preoperative evaluation is a key component of the preparation of patients before major surgery,[@R12] especially for higher-risk patients and complex procedures.[@R13] It enables identification of patients with elevated risk for complications, in turn facilitating appropriate individualized management. A thorough assessment can help identify comorbidities, assess disease severity, and determine the need for further testing. The purpose should be to inform perioperative management. For example, the evaluation can help alter medications, communicate risks accurately to patients, change intraoperative care, modify surgical procedures, or influence postoperative level of care. A systematic approach is best for capturing all relevant details. Thus, the classic approach should be adopted by first characterizing the presenting illness (with planned surgery, including indication), followed by studying the past medical history, conducting a focused physical examination, and reviewing previous investigations.

Clinical History and Assessment
-------------------------------

### Indications for Surgery: PAD and CVD

The clinical assessment of the vascular surgery patient begins with the planned procedure and its indication. The indications for most vascular surgery procedures include symptomatic PAD, limb ischemia, central aneurysm, or prior stroke or transient ischemic attack. Thus, the presence of atherosclerosis should always be suspected. The main atherosclerotic diseases prompting vascular surgery are PAD and CVD, although many patients have concomitant CAD.

Although the classic symptom of PAD is exertional claudication, it is present in only 10% of individuals. Symptoms typically appear with an ankle brachial index (ABI) below 0.9. Nonetheless, one quarter of asymptomatic patients with PAD have an ABI below 0.7.[@R14] Thus, test results should be reviewed to assess disease severity and extent. Interestingly, an abnormal ABI is also a risk factor for postoperative cardiac complications. In a cohort study of 242 patients undergoing noncardiac surgery, an ABI below 0.9 or absence of all 4 pedal pulses was a predictor of cardiac complications \[adjusted odds ratio (OR)=10.2\].[@R15] A focused physical examination for a patient with PAD should include measurement of blood pressure in both arms, auscultation for bruits (carotid, renal, and femoral), and assessment of vascular access sites.

With respect to CVD, a history should ascertain any previous stroke or transient ischemic attack, as well as detail the associated presentation and deficits. It is important to document the etiology to distinguish carotid stenosis (atherosclerosis) from cardioembolic disease. Causes of cardiac emboli include stasis (atrial fibrillation, severe cardiomyopathy, ventricular aneurysm), thrombogenic (valvular heart disease, prosthetic heart valve), and paradoxical venous source (patent foramen ovale). The physical examination should include a brief neurological exam to identify any preexisting deficits, auscultation for carotid bruits, and a precordial assessment for murmurs or extra heart sounds.

The presence of PAD and CVD has implications for perioperative risk assessment and management. PAD and CVD are significant risk factors for postoperative death,[@R4] major adverse cardiac events (MACE),[@R16] and myocardial injury after major noncardiac surgery.[@R17] Further, CVD is associated with a 2- to 3-fold increase in the risk of acute stroke after major noncardiac surgery[@R18],[@R19] and vascular surgery.[@R20] As acute stroke is a devastating complication of perioperative β-blockade (see the Pharmacologic therapy section---β-Blockers),[@R18],[@R21] delineation of any CVD helps inform the risk-benefit balance of β-blockade in surgical patients.

### CAD

The overall prevalence of CAD among American adults is 6.2%.[@R22] The prevalence in vascular surgery patients is difficult to determine given the selection bias within individual studies, and varying sensitivity of different screening tests (eg, cardiac stress testing vs. coronary angiography). For example, a systematic review in the nonoperative setting found the prevalence of CAD in individuals with PAD to range from 15% to 90% on the basis of the screening method.[@R7] Its prevalence was about 20% to 45% when CAD was ascertained using clinical history plus an electrocardiogram (ECG), about 60% when stress testing was employed, and 90% when angiography was used. The prevalence is likely even higher among patients with PAD who require vascular surgery. This prevalence was first quantified in 1984 by Hertzer and colleagues who performed preoperative coronary angiograms on 1000 vascular surgery patients. Only 8% had normal coronary arteries, whereas 60% had severe disease (\>70% stenosis in ≥1 major coronary artery).[@R23] Consistent with this observation, a randomized controlled trial (RCT) of routine preoperative coronary angiography for major vascular surgery found significant stenosis of a major coronary artery in 62% of individuals allocated to routine screening.[@R24] Thus, a high index of suspicion for undiagnosed CAD is needed in vascular surgery patients.

The primary concern regarding CAD stems from it being a risk factor for postoperative death,[@R4] MI,[@R16] and myocardial injury after noncardiac surgery.[@R17] Perioperative MI after vascular surgery has a mortality of 10% to 25%.[@R25],[@R26] Further, it is a strong predictor of elevated early (in-hospital or 30-d) and long-term mortality.[@R25]--[@R31] The newer clinical entity of myocardial injury after noncardiac surgery (ie, significant troponin elevations after noncardiac surgery) is also associated with elevated 30-day mortality. Notably, cardiovascular complications are the leading cause of death after major vascular surgery.[@R32]--[@R34]

When evaluating a patient with known or suspected CAD, the preoperative assessment should begin with a history regarding specific symptoms of CAD, prior events, diagnostic tests, previous interventions, and treatment. It is important to characterize the presence, frequency, precipitants, and duration of angina. Communication between clinicians is often facilitated by standardized scales such as the Canadian Cardiovascular Society grading system for rating the severity of angina.[@R35] Further, it is essential to document any temporal change in symptoms to differentiate stable angina from unstable angina.

As a prior MI is a risk factor for perioperative cardiac morbidity, it is important to document the date of any cardiac events and revascularization procedures. The impact of a prior MI on subsequent noncardiac surgery depends on the interval since the MI and any revascularization procedures. The impact of the interval from a prior MI on perioperative risk is informed by a large retrospective cohort study of 563,842 surgical procedures; abdominal aortic aneurysm (AAA) repair surgery was among the 5 procedures included in the study.[@R36] A previous MI within 30 days of surgery was associated with a dramatic increase in 30-day MI after AAA repair \[adjusted relative risk (RR)=15.36\]; the risk was still elevated, albeit not to the same degree, for a previous MI within 31 to 60 days before surgery (adjusted RR=4.5). These data support current guideline recommendations to delay nonurgent major noncardiac surgery for at least 60 days after an MI.[@R11] As indicated above, it is important to document the timing of any prior revascularization procedure with percutaneous coronary interventions (PCI) or coronary artery bypass graft (CABG) surgery. If PCI was performed, it is imperative to determine whether a bare metal stent (BMS) or drug eluting stent (DES) was inserted. The distinction between stent types determines the recommended minimum duration of dual antiplatelet therapy with aspirin plus a P2Y~12~ inhibitor (eg, clopidogrel, prasugrel). The concern regarding prior PCI stems from the potential need to interrupt dual antiplatelet therapy, which along with the prothrombotic state generated from the stress of surgery increases the risk for catastrophic acute stent thrombosis. Recent practice guidelines recommend that time-sensitive and elective noncardiac surgery be delayed for at least 30 days after insertion of BMS, after which patients can proceed to surgery on aspirin alone.[@R11],[@R37] These recommendations are supported by recent large multicenter retrospective cohort studies.[@R38],[@R39] Conversely, evidence regarding the minimum safe interval from DES insertion to noncardiac surgery continues to evolve. The 2009 ACC/AHA guidelines on perioperative cardiovascular evaluation recommended a minimum 1-year interval from DES insertion to surgery.[@R37] Several subsequent large cohort studies then found that noncardiac surgery can be performed safely once \>180 days had elapsed from DES insertion.[@R38]--[@R40] Combined with other nonrandomized studies,[@R39],[@R41],[@R42] these data support the current new guideline recommendation to *ideally* delay elective noncardiac surgery until at least 365 days after DES, with the provision that surgery can proceed after 180 days in selected cases.[@R11]

Another important predictor of outcomes in CAD is exercise capacity. As early as 1989, a study of exercise testing in 100 patients undergoing major vascular surgery found that preoperative exercise tolerance was inversely proportional to the risk for MACE.[@R43] Other studies have shown that the ability to perform \>4 to 6 metabolic equivalents (METs) on objective exercise testing was associated with low perioperative cardiovascular risk.[@R44],[@R45] The key challenge in clinical practice is identifying individuals with poor exercise capacity using clinical evaluation alone, as opposed to formal exercise testing. The conventional assessment of exercise capacity involves physicians making a subjective estimate based on patients' self-reported history. The data supporting the prognostic accuracy of subjective estimates of exercise capacity are relatively weak. A single-center study of 600 patients undergoing noncardiac surgery did show patients' self-reported inability to climb 2 flights of stairs or walk 4 blocks to be a risk factor for perioperative cardiovascular complications (adjusted OR=1.9).[@R46] Nonetheless, when expressed as a likelihood ratio (LR), self-reported poor exercise capacity had a positive LR of 1.3 and negative LR of 0.62 for predicting complications. LR values \>2 or \<0.5 are recommended for providing even minimal additional information.[@R47] Further, another single-center study of 5939 surgical patients found physicians' subjective estimates of exercise capacity to have minimal to poor accuracy at predicting mortality or cardiac complications.[@R48] A potential improvement encouraged by guidelines is objective scales with correlation to objectively measured exercise capacity,[@R11] such as the Duke Activity Status Index (DASI).[@R49] The use of a questionnaire, as opposed to subjective assessment, can lead to different estimates of exercise capacity. A single-center study of 74 surgical patients found poor agreement between subjective physician assessment and the DASI, with a tendency of the former to underestimate capacity.[@R50] Despite these limitations, it remains important to evaluate exercise capacity, especially to inform decisions regarding the need for further investigation.

In addition to the routine cardiac examination, the physical examination for a patient with known or suspected CAD should assess for other cardiovascular disease. The pulse should be examined to assess for regular sinus rhythm. Particular attention should be paid to signs of heart failure (HF) and valvular disease (see the HF section and valvular heart disease section). Baseline vital signs, particularly blood pressure, should be recorded to inform perioperative hemodynamic management and assess therapeutic control in hypertensive patients. The main utility of documenting the baseline blood pressure is to guide anesthesiologists in maintaining hemodynamics within an individual's normal physiological range. This goal is increasingly important given accumulating evidence that intraoperative hypotension is associated with major morbidity after noncardiac surgery.[@R51]--[@R53]

### Heart Failure (HF)

HF can result from many different etiologies, each with specific implications. During preoperative evaluation, HF is best characterized with respect to associated symptoms and the nature of ventricular impairment. Classically, HF was divided into systolic HF, when ventricular systolic dysfunction was present, and diastolic HF, when ventricular filling is impaired. Diastolic HF has generally not received much attention in the perioperative literature, despite being much more common than previously understood and accounting for half of all cases of HF.[@R54] After recent investigations showed the pathophysiology of diastolic HF to involve a much broader range of factors than impaired ventricular filling, there has been a shift in the terminology of HF. Diastolic HF is now described as HF with preserved ejection fraction (EF). A distinction is made from HF with systolic dysfunction, which is now termed HF with reduced EF.[@R54] The type of HF is important for management and has implications for life expectancy. In an individual patient meta-analysis of 41,927 patients, survival was significantly better for HF with preserved versus reduced EF (adjusted HR=0.68). Nonetheless, it should be emphasized that the absolute mortality for HF with preserved EF was still elevated.[@R55] This terminology is still highly debated and may represent an ongoing evolution in the understanding of HF.[@R56],[@R57] Although the distinction between HF with preserved versus reduced EF has facilitated targeted therapeutic intervention, its relevance for perioperative management remains to be thoroughly investigated.

HF has been recognized as a risk factor for perioperative MACE for almost 40 years.[@R3] Goldman et al[@R3] reported it as one of 9 major risk factors for perioperative MACE, with the presence of HF defined by a third heart sound (S~3~) or jugular venous distension. Further, HF represents one of the 6 risk factors included in the commonly used Revised Cardiac Risk Index (RCRI), where the definition was broadened to include physical findings (bilateral rales, S~3~ gallop), radiographic evidence (pulmonary vascular redistribution), and a history of HF, pulmonary edema, or paroxysmal nocturnal dyspnea.[@R16] Symptomatic HF continues to be identified as a risk factor for adverse perioperative outcomes in multiple studies. For example, in a retrospective cohort study of about 47,800 Medicare beneficiaries in the United States, a history of HF was associated with a doubling in the risk for 30-day death after noncardiac surgery (adjusted OR=2.19).[@R58] A subsequent larger study also showed a history of HF to be associated with a qualitatively similar increase in the risks for 30-day mortality in about 159,300 Medicare beneficiaries.[@R59] Most recently, a matched cohort study using the NSQIP registry showed new or worsened HF within 30 days before surgery to be associated with increased risk for 30-day mortality (adjusted RR=2.08) or major morbidity (adjusted RR=1.54).[@R60] The stability of patients' HF status immediately before surgery may also have prognostic importance. In a pragmatic study of 567 patients with HF who underwent elective noncardiac surgery, Xu-Cai and colleagues[@R61] evaluated the impact of a specialized preoperative clinic intended to stabilize patients before surgery. The results suggest that preoperative medical management to achieve stability is important, as HF patients and propensity-matched controls did not have significant differences in 30-day mortality. Nonetheless, hospital length of stay and readmission rates remained higher for the HF patients.

Although symptomatic HF is clearly a marker of increased perioperative morbidity, the impact of reduced left ventricular EF is less clear. To study the impact of left ventricular EF on perioperative outcomes, Healy and colleagues studied 174 patients with HF undergoing noncardiac surgery, of whom 47% had vascular surgery. An EF\<30% was associated with the composite outcome of 30-day death, MI, and HF (adjusted OR=4.88).[@R62] Conversely, in another cohort study of 339 individuals undergoing noncardiac surgery, a reduced EF was associated with increased cardiac morbidity, but this information did not improve risk prediction beyond that achieved with clinical risk factors.[@R63] In another cohort study of 570 individuals undergoing noncardiac surgery, a reduced EF had prognostic importance only in individuals with at least 2 risk factors from the RCRI.[@R64] In summary, the prognostic relevance of *asymptomatic* left ventricular dysfunction in the perioperative setting is unclear.

A preoperative assessment for HF should include a history to clarify its type, etiology, prior exacerbations, and recent investigations (eg, prior ventricular function measurements). The severity of and recent changes in HF symptoms should be documented, including paroxysmal nocturnal dyspnea, orthopnea, and lower extremity edema. Current therapy should be assessed, with particular attention paid to drugs with perioperative implications (see the pharmacologic therapy section). Potential therapies may include cardiac resynchronization therapy, which will require appropriate perioperative management. Functional limitation due to HF should be characterized using the New York Heart Association classification system to provide a standardized measure.[@R65] If a patient cannot exercise because of noncardiopulmonary reasons (eg, arthritis), left ventricular EF is not a proxy measure of exercise capacity.[@R66],[@R67]

The findings of HF on physical examination may be subtle, but some signs are useful in making the diagnosis. On precordial exam, a S~3~ gallop is the strongest predictor of HF with a positive LR of 11. If there is uncertainty regarding the presence of HF, a chest radiograph may provide further guidance. In dyspneic patients, both pulmonary vascular redistribution (LR=12) and interstitial edema (LR=12) increase the likelihood of HF.[@R68] If the cause for dyspnea still remains unclear, B-type natriuretic peptide (BNP) levels can be useful for differentiating between cardiac and noncardiac etiologies.[@R68]

### Valvular Heart Disease

During the preoperative evaluation, it is important to ascertain any known cardiac valvular disease through a history and precordial examination. In individuals with known disease, HF symptoms, exercise capacity, echocardiographic findings (ie, valvular lesions, ventricular function, pulmonary hypertension), and therapy (eg, anticoagulants) should be documented. It is especially important to identify stenotic valvular lesions that limit the ability of patients to compensate for the vasodilating effects of general anesthesia. Of particular concern is aortic stenosis, which is the most common stenotic valvular lesion in North America.[@R69]

Significant aortic stenosis has been a recognized risk factor for perioperative morbidity for almost 40 years.[@R3] These risks were confirmed in a contemporary single-center cohort of about 630 patients who underwent noncardiac surgery with unrepaired moderate-to-severe aortic stenosis.[@R70] Compared with matched controls, individuals with aortic stenosis experienced significantly higher risk for death or MI within 30 days after surgery. Conversely, 2 other smaller single-center studies (74 patients in total) demonstrated that carefully selected patients with unrepaired aortic stenosis could undergo noncardiac surgery with acceptable rates of morbidity and mortality.[@R71],[@R72] Thus, the decision to perform preoperative aortic valve replacement versus proceeding directly to vascular surgery with unrepaired aortic stenosis must consider the severity of the valvular lesion, symptoms, level of available perioperative care (eg, cardiac anesthesiologists, intraoperative transesophageal echocardiography, critical care monitoring), as well as the urgency and invasiveness of the planned vascular procedure.[@R11]

In an individual without known valvular heart disease, a systolic ejection murmur on precordial examination should always raise the suspicion of undiagnosed aortic stenosis. Although such individuals should ideally undergo echocardiography for definitive diagnostic evaluation, physical examination can help rule out moderate to severe aortic stenosis. Specifically, a clinical decision rule found that the absence of a murmur radiating below the right clavicle has a negative LR of 0.05 to 0.1 for ruling out significant disease.[@R73]

### Arrhythmias

The preoperative assessment should include a history of prior significant arrhythmia. It should be noted whether the arrhythmia is chronic or paroxysmal; in the latter case, any precipitating factors, hemodynamic compromise, and effective treatment should be documented. Paroxysmal arrhythmias can be classified as ventricular or atrial. Atrial fibrillation is associated with increased cardiac risk in noncardiac surgery.[@R74],[@R75] For example, in the VISION study, preoperative atrial fibrillation was associated with increased risk for MACE (adjusted OR=1.58).[@R75] It is important to establish the presence of medical therapy (ie, antiarrhythmics, rate-control medication, anticoagulants) and any cardiac implantable electronic device (CIED). The CIED may be a defibrillator or a pacemaker. The details and location of any CIED should be obtained, along with the current settings, arrhythmia response, and response to a magnet. Further details on perioperative CIED management are presented in guidelines from the American Society of Anesthesiologists and Heart Rhythm Society.[@R76] Physical examination should assess pulses, signs of HF (see the HF section), and murmurs suggestive of valvular disease.

Among patients with atrial fibrillation, the CHADS~2~ index has modest performance in discriminating risks for postoperative stroke or death.[@R75] This information has the potential to inform selection of individuals requiring perioperative bridging anticoagulation. Nonetheless, the value of bridging anticoagulation has been called into question by the recent Bridging Anticoagulation in Patients who Require Temporary Interruption of Warfarin Therapy for an Elective Invasive Procedure or Surgery (BRIDGE) trial, which showed perioperative withdrawal of anticoagulation to be noninferior to bridging therapy in 1884 participants.[@R77]

Preoperative Risk Assessment
============================

Given the disproportionally elevated morbidity and mortality associated with vascular surgery, risk assessment is a critical step in the preoperative assessment. Accurately prognosticating the risk of the surgical procedure is essential to allow clear communication between clinicians and patients regarding the risks versus benefits of the planned surgery, thereby making it integral to an informed consent. Further, if a high-risk patient can be identified before surgery, appropriate precaution, monitoring, and care can be applied during the intraoperative period, and the correct level of postoperative care can be specified after surgery.

Predictive Risk Indices
-----------------------

As there is enormous potential utility of an accurate preoperative risk index, it is not surprising that so many have been published. The fundamental structure is generally the same; these indices comprise several variables identified as independently predicting the outcome of interest. These predictive factors can be more broadly categorized into patient (eg, CAD) and procedure (eg, vascular surgery) factors.

It has been almost 40 years since the original Goldman Cardiac Risk Index was published, transforming the preoperative evaluation process and providing the impetus for a new field of research.[@R3] Although many more indices have been published subsequently,[@R2],[@R78]--[@R80] arguably the most widely used cardiac risk index in contemporary practice is the RCRI. This straightforward scoring method consists of 6 equally weighted components: high-risk surgery (intraperitoneal, intrathoracic, or suprainguinal vascular procedures), history of CAD, history of HF, history of CVD, diabetes mellitus requiring treatment with insulin, and preoperative renal insufficiency (serum creatinine exceeding 2.0 mg/dL).[@R16] The RCRI performs moderately well in discriminating based on risk for postoperative cardiac complications, with preserved performance in validation studies based on a pooled area under the receiver operating characteristic curve (AUROC) of 0.75.[@R81] However, it has several limitations. First, the RCRI has poor accuracy for predicting an individual's *absolute* cardiac risk. For example, it underestimated cardiac event rates by 6- to 7-fold in 2 validation studies.[@R79],[@R82] Second, 2 components of the RCRI have not shown consistent predictive value in validation. Specifically, the value of retaining diabetes mellitus requiring treatment with insulin[@R80],[@R83] and preoperative serum creatinine exceeding 2.0 mg/dL in the index is unclear, although replacing the latter with reduced estimated glomerular filtration rate (eGFR) does improve performance.[@R83] Finally, the RCRI has shown poor predictive performance in vascular surgery, particularly AAA repair surgery.[@R16],[@R79]--[@R81] Despite these limitations, RCRI does remain a useful predictive index in vascular surgery, with its main strengths remaining its simplicity and extensive external validation.

In 2010, a new score-based index was developed for vascular surgery patients: the Vascular Surgery Group of New England Cardiac Risk Index (VSG-CRI). The index was derived in a cohort that included carotid endarterectomy, lower extremity bypass, aortobifemoral bypass, open AAA repair, and endovascular aneurysm repair (EVAR). The factors in the index were age, smoking, CAD, HF, chronic obstructive pulmonary disease, diabetes mellitus requiring insulin therapy, creatinine exceeding 1.8 mg/dL, preoperative β-blocker therapy, and prior CABG or PCI. Temporal validation in a sequential cohort of 1873 patients showed only modest discriminative performance (AUROC=0.71), which was not significantly improved with procedure-specific models.[@R79] Further, the calculation of MACE risk using the VSG-CRI can be cumbersome; a Web-based calculator is now available to help address this issue (<http://www.vsgne.org>).

More recently, Gupta and colleagues developed a preoperative risk calculator using the NSQIP registry. The derivation cohort involved 211,410 patients having major noncardiac surgery, and the primary outcome was a composite of MI or cardiac arrest (MICA).[@R80] The 5 factors included in the predictive model are age, dependent functional status, American Society of Anesthesiologists Physical Status (ASA-PS), preoperative creatinine concentration \>1.5 mg/dL, and surgery type. The model was temporally validated using a sequential cohort of another 257,385 individuals in the NSQIP registry. Uniquely, the calculator is not a score-based index; rather, the relevant information is entered into a Web-based calculator that implements the full predictive model to report the predicted risk for MICA. The authors argue that, with the advent of hand-held computing devices, it is not necessary to simplify risk calculators (<http://www.surgicalriskcalculator.com/miorcardiacarrest>). The overall discriminative performance was excellent (AUROC=0.87) in the validation cohort, but performance was diminished in the vascular surgery subgroup (AUROC=0.75). Several issues pertaining to the risk calculator merit discussion. Of significance is its inclusion of ASA-PS class, which has variable interrater reliability.[@R84] In addition, as with the VSG-CRI, the NSQIP risk calculator has not been externally validated. Finally, ascertainment of postoperative MI in the NSQIP registry does not involve routine surveillance with troponin assays. This lack of standardized surveillance can lead to underestimation of cardiac event rates, especially as only 30% of postoperative MIs are accompanied by typical symptoms such as angina or dyspnea.[@R17] Consistent with this possibility, Gupta and colleagues observed a MICA rate of only 0.65%. In contrast, the VISION study implemented routine postoperative troponin monitoring in a large sample of unselected major noncardiac surgical patients, and found an MI rate of 3.3%.[@R17] Despite these limitations, the risk calculator of Gupta and colleagues is a reasonably straightforward and accurate method to estimate perioperative cardiac risk. In addition, this model has been incorporated into the universal American College of Surgeons (ACS) NSQIP risk calculators (<http://www.riskcalculator.facs.org>), allowing clinicians to estimate risks for several morbid events (eg, pneumonia, surgical site infection) simultaneously with cardiac risk estimation.[@R85]

Influence of Procedure-specific Risk
------------------------------------

A major component of risk indices is procedure-specific risk, which can vary widely within a broad category of surgical procedures. Indeed, between the lowest and highest risk surgical procedures, risks for 30-day mortality can vary by 250-fold, whereas risks for MACE can vary by 25-fold.[@R86] Variable procedure-specific risk is especially relevant in vascular surgery where endovascular repair of many arteries is now possible. For example, CVD can be treated with carotid stenting, AAA treated with EVAR, and PAD treated with peripheral arterial stenting. Given the reduced degree of tissue injury, blood loss, and surgical stress from these new surgical approaches, there is potential for substantial improvement in 30-day mortality. The evidence for improved perioperative mortality is most evident in comparisons of EVAR versus open AAA repair. Three randomized comparisons of endovascular versus open repair that together randomized 2484 patients consistently showed reduced 30-day mortality and morbidity with EVAR.[@R87]--[@R89] Importantly, over longer follow-up, the survival advantage of EVAR is abolished within 2 to 4 years, likely because of the increased need for reinterventions in patients who underwent EVAR, as well as their unchanged burden of chronic medical disease.[@R88]--[@R90]

Given the rapid evolution in this field, the question that remains is how can preoperative physicians best determine procedure-specific risk. A potential solution is provided by the universal ACS-NSQIP Surgical Risk Calculator mentioned above. This calculator was developed in a derivation cohort of 1,414,006 patients undergoing 1557 different procedure types. In total, 21 preoperative factors (demographics, comorbidities, procedure) are used to predict 8 different outcomes, including 30-day mortality.[@R85] At present, the Universal Risk Calculator is likely the most convenient and perhaps most accurate method for estimating procedure-specific risk. Its major limitations include the paucity of external validation studies and underestimation of cardiac event rates due to the absence of routine troponin surveillance in the derivation cohort.

Biomarkers: Natriuretic Peptides and High-sensitivity Troponins
---------------------------------------------------------------

B-type (brain) natriuretic peptide (BNP) and N-terminal-pro-BNP (NT pro-BNP) are neurohormones secreted by the ventricles in response to stretch or ischemia of the atrial and ventricular walls.[@R91] The biomarkers were first studied as a screening and diagnostic test in the setting of acute HF. Subsequently, elevated BNP and NT pro-BNP levels were recognized as powerful markers of cardiovascular risk in individuals who are at risk for CAD, have CAD, or have HF.[@R92] There are now promising data pointing to the role of BNP and NT pro-BNP for preoperative risk stratification. Specifically, cohort studies and meta-analyses of these studies indicate that preoperative levels of these biomarkers are associated with postoperative cardiac death or MI. In an individual patient data meta-analysis of 6 studies involving 850 vascular surgery patients, elevated preoperative BNP levels were associated with postoperative MACE, MI, and cardiac death (ORs=7.9, 7.5, and 4.3, respectively). Moreover, BNP further improved risk prediction when used in combination with RCRI.[@R93] A subsequent individual patient data meta-analysis of 18 studies (2051 patients) in mixed noncardiac surgery showed that both low and elevated preoperative natriuretic peptide levels can help identify patients with differing cardiac risks (Table [1](#T1){ref-type="table"}).[@R94] Despite these encouraging results, the evidence is not yet conclusive, with the ideal screening thresholds and the target population yet to be defined. These issues will be better clarified with the publication of several completed or ongoing large cohort studies of preoperative natriuretic peptide testing. An example is a subinvestigation of the VISION study that will evaluate NT pro-BNP in 8000 to 10,000 patients undergoing major noncardiac surgery (Clinicaltrials.gov NCT00512109).

###### 

Prediction of 30-Day Death or Nonfatal MI After Noncardiac Surgery Based on Preoperative Concentrations of Natriuretic Peptide[@R94]
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Measurement of troponin is integral to the diagnosis of MI. The development of high-sensitivity troponin assays has enabled detection of subtle resting elevations of cardiac troponin levels in individuals without other manifestations of acute coronary syndromes. In the nonoperative setting, resting elevations predict mortality as well as development of CAD and HF.[@R95],[@R96] Notably, a substudy of 325 patients in the VISION study found that 20% of patients have elevated troponin levels *before* major noncardiac surgery.[@R97] Thus, measurement of preoperative troponin levels is essential in determining whether an elevated postoperative troponin level reflects new acute injury. Emerging data also suggest that preoperative troponin elevations may aid in risk stratification for noncardiac surgery.[@R98],[@R99] In a single-center study of 608 patients with CAD or associated risk factors who were undergoing major noncardiac surgery, preoperative elevations in high-sensitivity troponin T (\>14 ng/L) were associated with increased postoperative MI (OR=3.67). Similarly, in a multicenter cohort study of 979 patients with CAD or associated risk factors who were undergoing major noncardiac surgery, preoperative high-sensitivity troponin T levels exceeding 14 ng/L were also associated with increased in-hospital death and cardiac morbidity (adjusted HR=2.60).[@R98] Further research remains to confirm these initial results, establish ideal screening thresholds, and define the target population.

Investigations
==============

Before any test is ordered, it is important to consider its utility---namely, whether the information provided will significantly change the likelihood of disease being present or occurring in the future, and whether it will change management. The following section will focus on the utility of preoperative investigations in the vascular surgery population, highlighting current evidence and guidelines to inform appropriate testing (Table [2](#T2){ref-type="table"}).
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Recommendations for Preoperative Cardiac Investigations for Vascular Surgery[@R11]
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Laboratory Investigations
-------------------------

Although multiple laboratory investigations have the potential to influence perioperative clinical decision making (eg, elevated blood glucose concentration prompting an endocrinology consultation), we will focus on 2 tests with the most evidence: hemoglobin and creatinine.

A key purpose of measuring preoperative hemoglobin concentration is to identify anemia. The relationship between preoperative anemia and adverse postoperative outcomes has been extensively studied with 24 studies (949,445 patients) identified by a recent systematic review.[@R100] On the basis of the World Health Organization definitions (\<13 g/dL in male patients and \<12 g/dL in female patients),[@R101] about 30% of surgical patients are anemic before surgery. In noncardiac surgery, preoperative anemia is associated with considerably increased perioperative mortality (pooled OR=2.87).[@R100] These adverse consequences are also seen in vascular surgery. In a retrospective cohort of 31,857 vascular surgery patients in the NSQIP registry, preoperative anemia was present in 48% of patients and was associated with more than a doubling in risks for MICA.[@R102] Although anemia is clearly a marker of poor prognosis, its appropriate management is unclear. Clinical circumstances often dictate that anemic patients receive red cell transfusions; however, transfusion itself is also associated with adverse outcomes.[@R103] Further research is therefore needed to evaluate other approaches to treat preoperative anemia, such as intravenous iron or erythropoietin injections. Importantly, these interventions have risks and can delay surgery. Further, anemia has relevance for the risk-benefit balance of perioperative β-blockade. Two prior cohort studies suggest that β-blockers are associated with net harm in the setting of low hematocrits and increased red cell transfusion during surgery.[@R104],[@R105] These data suggest that caution is needed when using β-blockers in anemic surgical patients.

Preoperative renal impairment is a well-recognized predictor of mortality and cardiac morbidity after noncardiac surgery. In a systematic review of 31 cohort studies (153,885 patients), patients with chronic kidney disease experienced more than a 2-fold increase in death and cardiovascular events after noncardiac surgery.[@R106] In another systematic review that evaluated preoperative renal function expressed using eGFR, postoperative mortality increased considerably once eGFR fell below 60 mL/min/1.73 m^2^.[@R107] Chronic kidney disease is also a component of several cardiac risk indices, including the RCRI, NSQIP risk calculator, and VSG-CRI.[@R16],[@R79],[@R85] Importantly, there is uncertainty as to how best to define preoperative renal insufficiency. While the RCRI, NSQIP risk calculator, and VSG-CRI define renal insufficiency based on serum creatinine concentrations, recent research suggests that expressing renal function using eGFR results in improved predictive performance.[@R83]

Electrocardiogram (ECG)
-----------------------

ECGs are simple and inexpensive tests with diagnostic utility in well-defined settings. ECGs remain an important component of diagnostic criteria for acute MI and can reveal the presence of a prior MI (pathologic Q-wave).[@R108] Further, in a patient with known or suspected arrhythmias, an ECG helps diagnose and characterize the underlying abnormality. Conversely, its utility for preoperative risk assessment or screening is controversial. Although some findings, such as nonsinus rhythm (eg, atrial fibrillation), Q-waves, ST depression, voltage criteria for left ventricular hypertrophy, and bundle-branch block, may be associated with increased perioperative risk,[@R109]--[@R111] ECG findings do not improve the accuracy of risk prediction beyond that achieved with clinical risk factors alone.[@R111]

On the basis of ACC/AHA perioperative guidelines, a new preoperative ECG is reasonable if the patient has no other recent ECG (ie, within prior 3 mo), is undergoing intermediate-risk to high-risk surgery, and has known CAD, CVD, PAD, significant arrhythmia, or structural heart disease.[@R11] By these criteria, almost all vascular surgery patients qualify for an ECG. Perhaps the most common clinical basis for obtaining a recent ECG is to provide a baseline for comparison in the event of suspected ischemia during the perioperative period.

Echocardiography
----------------

In the preoperative setting, echocardiography has clear diagnostic utility. For example, it can help determine the basis for dyspnea of unknown etiology (eg, systolic dysfunction, severe mitral regurgitation, pulmonary hypertension), recent worsening of HF symptoms, or suspicious systolic ejection murmur. When echocardiograms are performed to help address such specific clinical questions, they have important diagnostic yield and inform clinical management.[@R112],[@R113] Outside these situations, the value of preoperative echocardiography to estimate cardiovascular risk is uncertain. In an individual without a history or symptoms of HF, measurement of left ventricular function does not improve the accuracy of risk prediction beyond that achieved with the usual clinical risk factors.[@R63] Furthermore, in individuals unable to exercise because of noncardiopulmonary reasons (eg, arthritis), left ventricular function is not a proxy measure of exercise capacity.[@R66],[@R67] Finally, fixed wall motion abnormalities, although indicative of a prior MI, are not indicative of increased perioperative risk.[@R114] Consistent with these data, a population-based cohort study of about 71,000 patients undergoing major noncardiac surgery found no improvement in postoperative survival in individuals who underwent preoperative echocardiography in comparison with propensity-matched controls.[@R115]

Cardiac Stress Testing
----------------------

Cardiac stress testing can have both diagnostic and prognostic roles in the preoperative assessment of vascular surgery patients. If a patient has a history suspicious for undiagnosed CAD (eg, chest pain), it is reasonable to perform stress testing to help diagnose CAD. Stress testing can also help inform preoperative risk assessment by stratifying individuals by their expected rates of cardiac morbidity. Importantly, testing should be performed only if the results can impact clinical care. Thus, stress testing has little value if the results are unlikely to influence preoperative management (eg, medications, revascularization), intraoperative care, postoperative disposition, or decision to proceed with the planned procedure.

Current ACC/AHA guidelines recommend a stepwise approach when determining whether cardiac stress testing should be performed to inform perioperative risk assessment.[@R11] Initially, testing should be considered only in individuals with expected risks for postoperative death or nonfatal MI exceeding 1% based on usual clinical risk factors. The importance of selecting a correct target population for testing is highlighted by a population-based study that assessed the association of preoperative cardiac stress testing with survival in a propensity-matched cohort of about 48,000 patients undergoing major elective noncardiac surgery.[@R116] Testing was associated with harm in individuals with RCRI scores of zero (HR=1.35), whereas it was associated with moderate benefit in individuals with scores of ≥3 (HR=0.80).

Further, the guidelines recommend *against* testing in individuals whose exercise capacity exceeds 4 METs, as individuals capable of \>4 to 6 METs on objective exercise testing have low perioperative cardiovascular risk.[@R44],[@R45] A key challenge is determining how best to identify these individuals with moderate-to-good exercise capacity, especially given the limitations of current usual clinical assessment.[@R48] Pending further research, clinicians should consider using a standardized questionnaire (eg, DASI) to help make this assessment.

Once the decision to perform stress testing has been made, a testing modality and stress technique must be selected. In general, exercise stress should be used whenever possible as it allows for simultaneous quantification of exercise capacity, which is useful for predicting perioperative risk.[@R43]--[@R45] If individuals cannot exercise, pharmacologic stress can be used. Although some data suggest that stress echocardiography performs better than nuclear perfusion imaging, the choice of testing should largely be based on local availability and expertise.[@R117] Reversible defects are the key important prognostic findings in stress imaging, with greater extent of reversibility being indicative of higher postoperative risk for death or MI.[@R114] Notably, fixed defects in isolation are not associated with elevated postoperative cardiac risk.[@R114]

Coronary Angiography
--------------------

As coronary angiography can definitively diagnose CAD and as vascular surgery patients have a high burden of CAD, it has been investigated as a first-line preoperative test for vascular surgery. In a single-center study Monaco and colleagues[@R24] randomized 208 moderate-risk to high-risk (RCRI of ≥2) vascular surgery patients to either routine angiography or initial assessment with stress testing. Individuals randomized to routine angiography experienced higher rates of preoperative revascularizations (58% vs. 41%). Routine angiography did not result in any significant improvement in 30-day mortality or MACE, but there was a statistically significant survival benefit at 4 years (87% vs. 70%) that persisted up to 8 years. Although this evidence is encouraging, caution is warranted, given the small sample size and single-center design. Most importantly, as the benefits were over the long term, these data do not prove that angiography improves short-term perioperative risk. Current guidelines therefore recommend *against* routine screening coronary angiography.[@R11] Rather, angiography should be used if there is sufficient time to safely delay the planned surgery, the information gained could inform perioperative care, and the patient meets usual standard indications for angiography.

Computed tomography coronary angiography (CTCA) uses advanced imaging technology to facilitate a less invasive assessment of coronary anatomy. An initial prospective cohort study of 239 patients undergoing intermediate-risk noncardiac surgery found that CTCA improved risk predication, especially in high-risk groups.[@R118] More recently, Sheth and colleagues reported the results of a larger multicenter prospective cohort study of preoperative CTCA in 955 patients undergoing noncardiac surgery. Addition of CTCA resulted in an improvement, albeit still inadequate, in discrimination (AUROC increase from 0.62 to 0.66) for cardiac death or MI. Further, it performed poorly when evaluated using risk reclassification measures. When added to the RCRI, information from CTCA was 5 times more likely to overestimate risk in low-risk individuals than identify a previously misclassified high-risk individual.[@R119] Thus, current data do not support CTCA as a first-line preoperative screening test for CAD.

Preoperative Therapy
====================

Coronary Revascularization
--------------------------

Given the burden of CAD in vascular surgery patients, and the strong association of prior CAD with postoperative MACE, it seems plausible that preoperative revascularization should decrease perioperative cardiac risk. To date, 2 RCTs have evaluated preoperative revascularization in vascular surgery,[@R120],[@R121] but the validity of one of them[@R121] is in doubt.[@R122] The largest trial---namely, the Coronary Artery Revascularization Prophylaxis (CARP) trial---randomized 501 individuals, who had been referred for coronary angiography before elective major vascular surgery, to either prophylactic revascularization or medical management.[@R120] Revascularization consisted of either PCI or CABG, at the discretion of the local care team. There was no difference in 30-day MI, 30-day death, or long-term survival between groups. In addition, the time to vascular surgery was significantly longer in the revascularization group. Notably, the CARP trial excluded individuals with very high-risk coronary anatomy, including left main disease, severe aortic stenosis, or a left ventricular EF\<20%. In a subsequent analysis of patients screened for the CARP trial, revascularization was associated with benefit in unprotected left main disease.[@R123] Consistent with these data, current ACC/AHA perioperative guidelines recommend preoperative revascularization only in circumstances where it would be indicated even in the nonoperative setting.[@R11] In general, CABG is recommended for left main disease, triple-vessel disease, complex anatomy, or high-risk comorbidities (eg, diabetes).[@R124] Given the uncertain benefits of preoperative PCI for improving outcome after noncardiac surgery, current guidelines suggest consideration of PCI only for patients with left main disease whose comorbidities preclude CABG and for patients with unstable CAD (eg, ST-elevation MI, non--ST-elevation acute coronary syndrome) who are appropriate candidates for emergency or urgent revascularization. If revascularization by PCI is considered, BMS is preferred over DES for vascular surgery patients given the time pressure to proceed with vascular surgery (Table [3](#T3){ref-type="table"}).

###### 

Preoperative Management of Medications for Vascular Surgery[@R11]

![](aia-54-1-g003)

Pharmacologic Therapy
---------------------

### Aspirin

By inhibiting platelet aggregation and reducing thrombus formations, aspirin reduces MACE in patients with atherosclerotic disease. An individual patient-data meta-analysis of over 100,000 patients in 22 trials showed that aspirin was effective in reducing MACE for secondary prevention indications, with uncertain benefit for primary prevention.[@R125] Current practice guidelines recommend aspirin for secondary prevention in patients with CAD[@R126] and PAD.[@R127] In noncardiac surgery, 40% of patients are on aspirin preoperatively,[@R128] with the prevalence likely to be even higher in vascular surgery. Despite the benefits of aspirin for secondary prevention, perioperative aspirin (ie, either starting treatment de novo or continuing chronic therapy perioperatively) has not been shown to prevent perioperative MACE. Further, even low doses of aspirin can increase the risk for major surgical bleeding. Specifically, the PeriOperative ISchemic Evaluation (POISE) 2 study of 10,010 patients undergoing major noncardiac surgery found no significant effect of aspirin (100 mg/d) on death or MI within 30 days after surgery.[@R128] Conversely, the risk for major bleeding was increased up to 7 days after surgery. In assessing the generalizability of these results, only 5% of the POISE-2 sample underwent major vascular surgery, 9% had PAD, and \<5% underwent prior PCI. Therefore, caution must be exercised in extrapolating these results to a high-risk vascular surgery population. A reasonable approach is to continue chronic aspirin therapy in vascular surgery patients with atherosclerotic disease, with the caveat that implications of increased bleeding must also be weighed.

### P2Y~12~ Inhibitors

In patients taking P2Y~12~ inhibitors (clopidogrel, ticagrelor, and prasugrel) it is important to clarify the indication. They are often used in combination with aspirin (ie, dual antiplatelet therapy) after PCI to prevent stent thrombosis. They are also indicated in patients with PAD who are unable to tolerate aspirin,[@R127] and may be used in individuals with previous stroke. A prior systematic review found that most studies that compared continuation versus preoperative withdrawal of P2Y~12~ inhibitors were in cardiac surgery.[@R129] These data supported the withdrawal of thienopyridines before cardiac surgery, but there was insufficient evidence to make firm conclusions for noncardiac surgery. As mentioned above, the recent ACC/AHA perioperative guidelines recommend waiting at least 30 days after PCI with BMS and at least 180 days (ideally 365) after DES before stopping dual antiplatelet therapy.[@R11] Should surgery have to occur inside this time frame, a discussion between the interventional cardiologist, vascular surgeon, and the patient is required to balance the risks of surgical delay, bleeding from continuation of dual antiplatelet therapy, and stent thrombosis if dual antiplatelet therapy is discontinued. If surgery is time sensitive and the risk for bleeding outweighs the risk for stent thrombosis, P2Y~12~ inhibitors can be temporarily discontinued and restarted as soon as possible while aspirin should be continued. Guidelines recommend that clopidogrel and ticagrelor be held for 5 days, whereas prasugrel be held for 7 days before surgery.[@R124] Importantly, interim administration of heparin does not substitute for withdrawal of antiplatelet agents. Prior data on vascular surgery patients showed heparin to paradoxically reduce the antiplatelet action of aspirin.[@R130]

### Angiotensin-converting Enzyme (ACE) Inhibitors and Angiotensin Receptor Blockers (ARB)

ACE inhibitors and ARBs are among first-line treatments for primary hypertension.[@R131] Further, they improve survival in HF, prevent progression of chronic kidney disease, and prevent cardiovascular events in CAD.[@R132] The current ACC/AHA guidelines state that it is reasonable to continue these medications throughout the perioperative period.[@R11] Nonetheless, administration of these drugs shortly before surgery has risks. Episodes of profound intraoperative hypotension associated with ACE inhibitors taken on the morning of surgery have been reported.[@R133] Thus, some centers routinely instruct patients to withhold chronic ACE inhibitor and ARB therapy for 12 to 24 hours before elective surgery. A systematic review of 5 studies (343 patients) that compared continuation versus withdrawal of chronic therapy showed that continuation of therapy was associated with a significant increase in hypotension requiring vasopressors shortly after induction of anesthesia.[@R133] It is less clear that this generally treatable hypotension translates into other important clinical events, or whether acute withdrawal of chronic cardiovascular therapy has unrecognized adverse effects. Furthermore, the failure to restart ACE inhibitors or ARBs after preoperative withdrawal is itself associated with poor postoperative outcomes.[@R134],[@R135] Given the long-term benefits of these medications, and the paucity of evidence to suggest significant perioperative harm, a reasonable approach is to generally continue these medications up to surgery. Nonetheless, in individual circumstances, if hypotension is a substantial concern because of low preoperative blood pressure, planned use of epidural analgesia, or potential for significant blood loss, hemodynamic instability, and large fluid shifts, it is reasonable to hold ACE inhibitors or ARBs on the morning of surgery, with the goal to resume treatment when these threats have passed.

### **β**-Blockers

Perioperative prophylactic β-blockers showed early promise for decreasing perioperative cardiac risk after noncardiac surgery. This enthusiasm was largely based on 2 small RCTs that demonstrated substantial reductions in risks for MI and death.[@R136],[@R137] These benefits were not replicated in several subsequent intermediate-sized RCTs.[@R138],[@R139] The 2008 publication of the POISE-1 trial further challenged the enthusiastic view of β-blockade in noncardiac surgery. In over 8000 patients randomized to perioperative metoprolol or placebo,[@R18] β-blockers reduced rates of perioperative MI, but at the cost of significantly increased risks for hypotension, bradycardia, stroke, and death. More recently, concerns have been raised about the scientific validity of the 2 earlier RCTs that showed significant benefits from perioperative β-blockade.[@R137],[@R140] To help clarify the overall evidence base surrounding perioperative β-blockade, the recent ACC/AHA guidelines were accompanied by a comprehensive systematic review.[@R21] After excluding the 2 trials with uncertain validity, the review identified 16 RCTs including 12,043 participants. When the pooled results were applied to a population of 1000 individuals, prophylactic β-blocker use resulted in 17 fewer MIs, at the cost of 4 excess strokes and 6 deaths.[@R21] Importantly, the adverse effects of increased stroke and hypotension were also observed in trials that did not use the high-dose metoprolol succinate protocol utilized in the POISE-2 trial. Further, the review identified major limitations in the current data; for example, there were no valid trials assessing β-blockade that was started \>24 hours before surgery, and very few trials evaluated agents aside from metoprolol.

Consistent with these findings, the ACC/AHA guidelines recommend *against* starting β-blocker therapy \<24 hours before surgery. On the basis of observational data, initiation of therapy might be considered in individuals with RCRI scores of ≥3,[@R141],[@R142] or with reversible ischemia on stress testing. Caution should be exercised when initiating therapy in individuals with preoperative anemia[@R104] or CVD. If a decision is made to start therapy, it should be initiated several days before surgery,[@R143] with the preferred agents being bisoprolol or atenolol.[@R144],[@R145]

Importantly, the entire discussion above pertains to initiating β-blockers de novo in a treatment-naive individual. Many vascular surgery patients are on preexisting chronic β-blocker therapy. As withdrawal of chronic therapy is associated with increased MACE and death,[@R146],[@R147] chronic β-blocker therapy should be continued perioperatively.[@R11] Treatment may need titration perioperatively to address changing clinical circumstances such as hypotension, bradycardia, or massive blood loss.[@R11]

### α-2 Agonists

α-2 agonists (eg, clonidine, dexmedetomidine) have also been studied for preventing postoperative cardiovascular complications. A Cochrane review identified 35 RCTs with 4500 participants, with most studies being small and of insufficient quality.[@R148] α-2 agonists reduced postoperative mortality but with associated increases in bradycardia and hypotension. Interestingly, the largest benefits for mortality and MI were reported in vascular surgery. More recently, the POISE-2 study evaluated clonidine for preventing MACE in 10,010 randomized participants undergoing major noncardiac surgery. There was no difference in rates of death or nonfatal MI, which was also confirmed in the vascular surgery subgroup.[@R149] Clonidine also increased risks for significant hypotension, but had no significant effect on postoperative stroke. These data suggest that α-2 agonists do not prevent cardiac complications, although they may have other benefits such as improved postoperative analgesia.[@R150]

Conclusions
===========

Patients undergoing vascular surgery constitute a unique population with an elevated risk for perioperative death and major cardiac events. These risks are partly due to the overwhelming prevalence of diffuse atherosclerosis and associated comorbidities. This context underscores the importance of a thorough cardiac evaluation to assess for CAD, HF, valvular heart disease, and arrhythmias. The patient, surgeon, and anesthesiologist can be initially informed about the risk of surgery using modern preoperative risk indices. Modern biomarkers, such as natriuretic peptides and high-sensitivity troponin assays, are likely to play a more substantial role in preoperative assessment in the future. It is important to consider the utility of any additional preoperative specialized testing, with particular attention to whether it has potential to change management. In general, preoperative coronary revascularization has a very limited role, being largely reserved for the same indications as in routine circumstances. For the most part, chronic cardiovascular medications, such as aspirin, ACE inhibitors, ARBs, and β-blockers, should be continued, but the decision should be individualized to each patient's circumstances. Ideally, P2Y~12~ inhibitors should be held before surgery, aside from cases of recent coronary stenting, where expert opinion should be sought. Finally, there are no compelling data indicating that starting new cardiovascular medications before surgery can decrease perioperative risk, although there may be a role for perioperative β-blockade in specific circumstances.
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